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,Q WKH FORVH IXWXUH WKH SRVLWLRQLQJ LQIRUPDWLRQ RI DQ\ DFWRU LQ D WUDQVSRUWDWLRQ V\VWHP ZLOO KDYH D
JURZLQJ LPSRUWDQFH 7KLV LQIRUPDWLRQ ZLOO DOORZ WKH RSHUDWRU WR HQKDQFH LWV V\VWHP FDSDFLW\ DQG WR
SURYLGHFRQWH[WXDOLQIRUPDWLRQWRWKHSDVVHQJHUVWRWKHGULYHUVRUWRWKHPDLQWHQDQFHZRUNHUV
$ ODUJH SDQHO RI DSSOLFDWLRQV UHOLHV RQ SRVLWLRQLQJ LQIRUPDWLRQ QDYLJDWLRQ RI FRXUVH EXW DOVR HFR
GULYLQJ WROO ©SD\ DV \RX GULYHª LQVXUDQFH SDUNLQJPDQDJHPHQW VSHHG OLPLWDWLRQ WUDIILF VLJQDO SUH
HPSWLRQ«
7KHXVHRISRVLWLRQLQJGDWDFDQEHVHHQDVDFRPPRQRUWUDQVYHUVDOVHUYLFH,QGHHGLQDQLQWHUPRGDO
WUDQVSRUWDWLRQ V\VWHP HDFK DFWRUZDLWV IRU WKH FRUUHFW LQIRUPDWLRQ DW WKH ULJKW WLPHEXW FDQ DOVREH DQ
DFWRURIWKHV\VWHPE\EURDGFDVWLQJLQIRUPDWLRQIRUFRPPXQLW\DVSUREHYHKLFOHVGR
7KHSRVLWLRQLVDV\QFKURQL]LQJHOHPHQWRIWKH LQIRUPDWLRQV\VWHP6HUYLFHV OLNHWUDIILFPDQDJHPHQW
ZLOOEHHQKDQFHGDQGZLOODOORZPRUHIOH[LELOLW\7KHV\VWHPZLOOEHPRUHUHOLDEOHDVLWEHQHILWV IURPD
FRQWH[W HQULFKHG E\ WKH SRVLWLRQ 1HZ VHUYLFHV UHO\LQJ RQ ©&RQWH[W $ZDUHª RU ©8ELTXLWRXV
&RPSXWLQJªZLOOEHGHSOR\HGZLWKPRUHHIILFLHQF\
7KLVKLJKOLJKWVWKHLPSRUWDQFHRIORFDOLVDWLRQWUDQVSRUWDWLRQV\VWHPVLQ,QWHOOLJHQW7UDQVSRUW6\VWHPV
LQFOXGLQJDXWRPRWLYHYHKLFOHVDQGXUEDQWUDQVSRUWHYHQJXLGHGRQHV

7KH REMHFWLYH RI WKH&$3/2& SURMHFW LV WR VXFFHHG LQ GHOLYHULQJ DFFXUDWH SRVLWLRQLQJ LQIRUPDWLRQ
DYDLODEOHHYHU\ZKHUHLQDJOREDOFRQWH[WRIFRVWUHGXFWLRQ
7KH SRVLWLRQLQJ V\VWHP RIIHULQJ WKH EHVW FRPSURPLVH FRVWVLPSOLFLW\SHUIRUPDQFH LV WRGD\
XQGRXEWHGO\WKHVDWHOOLWHEDVHGUDGLRQDYLJDWLRQV\VWHP*36*OREDO3RVLWLRQLQJ6\VWHP0RUHRYHULQ
(XURSHLWFDQEHHQKDQFHGE\XVLQJWKH(*126(XURSHDQ*HRVWDWLRQDU\1DYLJDWLRQ2YHUOD\6\VWHP
VLJQDOVWRREWDLQDEHWWHUDFFXUDF\
7KHVH VROXWLRQV FRUUHVSRQG DOVR ZHOO WR WKH DFWXDO GHPDQGV RI IOHHW RSHUDWRUV LQFOXGLQJ JXLGHG
WUDQVSRUW7KHVHDUHH[SUHVVLQJWKHVWURQJQHHGWRUHGXFHWKHGHSHQGHQFHRQWKHLQIUDVWUXFWXUHEHFDXVH
RIWKHDXJPHQWDWLRQRIYDQGDOLVPDFWVDQGEHFDXVHRIWKHJURZLQJPDLQWHQDQFHFRVWV
8QIRUWXQDWHO\LIWKHXUEDQXVHURI*36LVWKHPRVWGHPDQGLQJLQWHUPVRIDFFXUDF\KHKDVWRIDFHWRD
GHJUDGHGVHUYLFH,QGHHGWKHVLJQDOSURSDJDWLRQFRQGLWLRQVDUHVWURQJO\GHSHQGHQWRQWKHGHQVLW\RIWKH
REVWDFOHV WKDW GHJUDGHV WKHRSWLPDO UHDFKDEOHSHUIRUPDQFHV ,QSDUWLFXODU(*126EHLQJ FRPSRVHGRI
JHRVWDWLRQDU\VDWHOOLWHVLVUHFHLYHGSRRUO\LQXUEDQFDQ\RQV.RYDU

,Q WKLV FRQWH[W WKHPDLQ REMHFWLYH RI&$3/2& LV WR SURYLGH DQ LQQRYDWLYH WRRO IRU WKH SRVLWLRQLQJ
IXQFWLRQUHO\LQJRQVDWHOOLWHEDVHGWHFKQRORJLHV*36DQG(*126DQGPLWLJDWLQJWKHGLIILFXOWLHVOLQNHG
WR WKH FRQVWULFWHG HQYLURQPHQW RI UHFHSWLRQ7KLV WRRO KDV WR EH XVDEOH IRU HYHU\ WUDQVSRUWPRGHV DQG
DLPVDWEHFRPLQJDNH\IXQFWLRQRIDODUJHSDQHORIPRELOHDSSOLFDWLRQV
6DWHOOLWHEDVHGORFDOLVDWLRQLQXUEDQHQYLURQPHQWV
*OREDO1DYLJDWLRQ6DWHOOLWH6\VWHPV*166KDYHSHQHWUDWHGWKHWUDQVSRUWPDUNHWWKURXJKDSSOLFDWLRQV
VXFKDVPRQLWRULQJRIFRQWDLQHUVRUIOHHWPDQDJHPHQW7KHVHDSSOLFDWLRQVGRQRWQHFHVVDULO\UHTXHVWKLJK
DYDLODELOLW\ LQWHJULW\ DQG DFFXUDF\ RI WKH SRVLWLRQLQJ V\VWHP +RZHYHU QHZ DSSOLFDWLRQV GHDOLQJ ZLWK
OLDELOLW\ LVVXHV WROO LQVXUDQFH«DVZHOO DV VDIHW\UHODWHG DSSOLFDWLRQV DXWRPDWLF JXLGDQFHRU FRQWURO
ZLOOUHTXLUHPRUHVWULQJHQWSHUIRUPDQFHV7KH$PHULFDQ*36LVWKHRQO\IXOO\JOREDORSHUDWLRQDOVROXWLRQ
IRU WKHPRPHQW DQG WKLVPRQRSROH UHGXFHV WKH SRVVLELOLWLHV RIPHDVXUHPHQW UHGXQGDQF\ DQG GLYHUVLW\
DQG WKXV OLPLWV WKH UHDFKDEOH SHUIRUPDQFHV 6LQFH 2FWREHU  WKH (XURSHDQ 6DWHOOLWH%DVHG
$XJPHQWDWLRQ6\VWHP6%$6(*126HQKDQFHVDFFXUDF\RIWKHSRVLWLRQLQJ,QGHHGDUHFHLYHUDEOHWR
XVH ERWK(*126 DQG*36 VLJQDOV EHQHILWV IURP WKH LRQRVSKHULF FRUUHFWLRQV DVZHOO DV SDUDPHWHUV IRU
SURWHFWLRQOHYHOVFRPSXWDWLRQ
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8QIRUWXQDWHO\PDLQWUDQVSRUWDSSOLFDWLRQVDUHXVHGLQGHQVHXUEDQHQYLURQPHQWVKLJKO\FRQVWUDLQLQJ
IRU WKH VLJQDO SURSDJDWLRQ 7KH UHFHSWLRQ FRQGLWLRQV DUH EDG DQG RIWHQ LPSDFW HDFK DYDLODEOH VDWHOOLWH
VLJQDO LQSDUWLFXODU WKH(*126VDWHOOLWHV EHFDXVHRI WKHLU JHRVWDWLRQDU\QDWXUH$V*166SRVLWLRQLQJ
UHOLHVRQ WKHSURSDJDWLRQ WLPHPHDVXUHPHQWRIDW OHDVW VDWHOOLWHV VLPXOWDQHRXVO\ WKHFRQVHTXHQFHVRI
HQYLURQPHQWDOREVWUXFWLRQVDUHXQDYDLODELOLW\RIWKHVHUYLFHEXWDOVRPXOWLSDWKUHFHSWLRQWKDWGHJUDGHVLQ
SDUWLFXODUDFFXUDF\RIWKHSRVLWLRQLQJ,QGHHG1RQ/LQH2I6LJKW1/26VLJQDOV±LHVLJQDOVUHFHLYHG
DIWHU UHIOHFWLRQV RQ WKH VXUURXQGLQJ REVWDFOHV ZLWK QR GLUHFW UD\ ± IUHTXHQWO\ RFFXU LQ GHQVHO\ EXLOW
HQYLURQPHQWVDQGGHJUDGHORFDOLVDWLRQDFFXUDF\EHFDXVHRIWKHGHOD\VREVHUYHGRQWKHSURSDJDWLRQWLPH
PHDVXUHPHQWWKDWFUHDWHDQDGGLWLRQDOHUURURQWKHSVHXGRUDQJHHVWLPDWLRQ
/LWHUDWXUH IRFXVLQJ RQ WHFKQLTXHV IRU ORFDOLVDWLRQ SHUIRUPDQFH HQKDQFHPHQW LQ FRQVWULFWHG
HQYLURQPHQWV LVDEXQGDQW7KHPRVW VSUHDGUHO\RQPXOWLVHQVRUEDVHGDSSURDFKHV IRUZKLFK WKHJRDOV
DUH WR FRPSHQVDWH WKH ODFN RI SHUIRUPDQFH RI *166 E\ DGGLQJ RWKHU VHQVRUV RGRPHWHU ,QHUWLDO
0HDVXUHPHQW8QLWHWFWKDWLQFUHDVHVWKHV\VWHPFRPSOH[LW\$FFXUDF\LVRIWHQHQKDQFHGE\PLWLJDWLQJ
PXOWLSDWK HUURU /HQWPDLHU  6XFK WHFKQLTXHV FDQ SURSRVH H[FOXVLRQ SURFHGXUHV WR DYRLG XVLQJ
FRUUXSWHGGDWD3HUYDQ3VHXGRUDQJHUHOLDELOLW\FDQEHTXDOLILHGE\WKH6156LJQDOWR1RLVH5DWLR
RUWKHHOHYDWLRQDQJOH:DQJ:HZLOOH[SORUHWKHXVHRILPDJHVWRGHWHUPLQHWKHVWDWHRIUHFHSWLRQRI
HYHU\VDWHOOLWHV+RZHYHUZHNQRZWKDWLQFRQVWULFWHGHQYLURQPHQWVDWHOOLWHYLVLELOLW\LVRIWHQZHDNDQG
WRH[FOXGHVDWHOOLWHV LQ WKHSRVLWLRQHVWLPDWLRQSURFHVVFDQFUHDWHPRUHSRVLWLRQLQJHUURUV QRQFRKHUHQW
SRVLWLRQVRUODUJHXQDYDLODELOLW\SHULRGV
7KH&$3/2&FRQFHSW
3ULQFLSOH
,Q WKH&$3/2&SURMHFWZHSURSRVH WRHQKDQFH ORFDOLVDWLRQSHUIRUPDQFHV LQSDUWLFXODUDFFXUDF\E\
NQRZLQJ WKH VWUXFWXUH RI WKH HQYLURQPHQW FURVVHG E\ WKH YHKLFOH 7KLV VWUXFWXUH FDQ EH REWDLQHG E\
LPDJHVSURYLGHGE\VHYHUDOFDPHUDV LQVWDOOHGRQ WKHURRIRI WKHYHKLFOH7KLVFRQFHSWKDVDOUHDG\EHHQ
SDWWHUQHGE\,15(76QRZ,)677$5LQ)UDQFHDQGLQWHUQDWLRQDO0DUDLV)LJXUHLV
DQLOOXVWUDWLRQRIWZRNLQGVRIUHSUHVHQWDWLRQVRIWKHPDVNLQJREVWDFOHVDURXQGWKHDQWHQQD7KHOHIWYLHZ
LV D SRODU YLHZ 7KHZKLWH DUHD LV WKH VN\ WKH EOXH RQH WKH PDVNLQJ ]RQH 7KH ULJKW YLHZ LV DQRWKHU
SUHVHQWDWLRQRIWKHVDPHPDVNLQJDUHDGUDZLQJWKHHOHYDWLRQDQJOHRIWKHPDVNYHUVXVWKHD]LPXWK
  
)LJ0DVNLQJREVWDFOHVDURXQGWKHUHFHLYHUDQWHQQDOHIWVN\YLHZULJKWSDQRUDPLFYLHZ7KHVHGDWDKDYHEHHQREWDLQHGXVLQJ
WKH6(1$9VRIWZDUHZZZRNWDOVHFRPVHQDY
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,QDILUVWVWHSWKHVWDWHRIUHFHSWLRQRIVDWHOOLWHVLJQDOVLVGHWHUPLQHGE\FRPSDULQJVDWHOOLWHSRVLWLRQV
DQGREVWDFOHSRVLWLRQVDURXQGWKHDQWHQQD6DWHOOLWHVSRVLWLRQHGLQWKHVN\DUHDDUHGLUHFWO\YLVLEOH/26±
/LQH2I6LJKWVDWHOOLWHVSRVLWLRQHGEHKLQGWKHPDVNDUH1/26
,Q 0HJXUR  WKH DXWKRUV H[SORUH WKLV ZD\ E\ FDOFXODWLQJ WKH YLVLEOH VN\ DUHD ZLWK DQ LQIUDUHG
FDPHUD7KHPRVW LQWHUHVWLQJREVWDFOHVDUH WKHEXONLHVWRQHVEXLOGLQJVIRUH[DPSOH7KH WKLQQHVWRQHV
FUHDWH ORFDO SKHQRPHQD WKDW ZLOO VWD\ YHU\ VKRUWO\ LI WKH UHFHLYHU PRYHV DQG ZLOO QRW SUHVHQW PDMRU
SUREOHPV LQRXUG\QDPLFDSSOLFDWLRQV)RU WKHGHWHFWLRQDQG WKHFKDUDFWHUL]DWLRQRI WKHVHREVWDFOHVZH
DUHGHYHORSLQJDQDSSOLFDWLRQEDVHGRQFRORUDQGWH[WXUHFKDUDFWHULVWLFVRIWKHLPDJHLQRUGHUWRH[WUDFWDV
PXFKLQIRUPDWLRQDVSRVVLEOH7KHLQIRUPDWLRQH[WUDFWHGIURPWKHLPDJHZLOODOORZXVWRGHWHFWWKHQWR
H[FOXGH WKH VDWHOOLWHV WKDW GHJUDGH WKH UHFHLYHU SHUIRUPDQFHV DV WKH 5$,0 5HFHLYHU $XWRQRPRXV
,QWHJULW\0RQLWRULQJ DOJRULWKP RIWHQ GRHV LQ DYLDWLRQ DSSOLFDWLRQV +RZHYHU WKHVH H[FOXVLRQ SROLFLHV
ZLOORIWHQUHGXFHGUDVWLFDOO\DYDLODELOLW\LQXUEDQHQYLURQPHQWV
,Q D VHFRQG VWHS ZHZLOO GHYHORS D SURFHVV RI 'PRGHO FUHDWLRQ LQ RUGHU WRPRGHO RXUVHOYHV WKH
HQYLURQPHQW VWUXFWXUH DURXQG WKH DQWHQQD7KLV SURFHVV KDV WREH HDV\ WR XVH DQG FRPSDWLEOHZLWK WKH
RSHUDWLRQDOFRQVWUDLQWVRIWKHWUDQVSRUWRSHUDWRUV7KHJRDOLVWRREWDLQD'PRGHOZLWKLISRVVLEOHRQO\
RQH UXQ DQG WKH VKRUWHVW PRELOL]DWLRQ RI WKH YHKLFOH 7KLV PRGHO DVVRFLDWHG WR D UD\ WUDFLQJ WRRO
*RGHIUR\  6XK  ZLOO DOORZ XV WR FDOFXODWH WKHQ FRUUHFW WKH SVHXGRUDQJH HUURU LQGXFHG E\ WKH
VLJQDOUHIOHFWLRQV
7KH DSSURDFK KDV DOUHDG\ EHHQ YDOLGDWHG ZLWK WKH 35(',66$7 WRRO 0DUDLV  35(',66$7 LV
KRZHYHUQRWDUHDOWLPHSURFHVVDQGFDQODUJHO\EHQHILWIURPQHZLPDJHSURFHVVLQJLPSURYHPHQWV
,PDJHSURFHVVLQJ
5HJDUGLQJYLVLRQDQGLPDJHSURFHVVLQJWKHREMHFWLYHLVWRFKDUDFWHUL]HLQUHDOWLPHWKHHQYLURQPHQW
RIUHFHSWLRQRI*166VLJQDOV7KHQWZRUHVHDUFKD[HVDUHLGHQWLILHG
)LUVWYLVLEOHVN\GHWHFWLRQE\DQDXWRPDWLFSURFHVVRIVHJPHQWDWLRQDQGFODVVLILFDWLRQRIFRORULPDJHV
7KHWHFKQRORJLFDOFKDOOHQJHLVWRGHYHORSDV\VWHPEDVHGRQFDPHUDVZLWKODUJHILHOGRIYLHZDEOH
ILUVWWRLGHQWLI\LQDQLPDJHWKHUHJLRQVFRUUHVSRQGLQJWRWKH©VN\ªDQGWKHUHJLRQVRI©QRQVN\ªDQG
VHFRQGWRFKDUDFWHUL]HWKHGLIIHUHQWHQWLWLHVRIWKHLPDJHEDVHGRQWKHLUWH[WXUHVEXLOGLQJIDFDGHVURRI
YHJHWDWLRQHWF
6HFRQG'PRGHOLQJRIWKHHQYLURQPHQW7KHWHFKQLFDOREMHFWLYHLVWRGHYHORSDYLVLRQV\VWHPDEOHWR
EXLOGLQWKUHHGLPHQVLRQVWKHHQYLURQPHQWDURXQGWKH*166DQWHQQDRQWKHEDVLVRIPXOWLSOHYLHZV7KH
ILUVW VWHS DLPV DW GHILQLQJ D VHW RI ' SRLQWV LQ D ZD\ DV GHQVH DQG DFFXUDWH DV SRVVLEOH 7ZR PDLQ
PHWKRGVDUHFRQVLGHUHGWRFRPSXWHWKHGHSWKLQIRUPDWLRQRQHXVHVLPDJHVWDNHQVXFFHVVLYHO\6WUXFWXUH
IURP 0RWLRQ WKH RWKHU XVHV LPDJHV WDNHQ DW WKH VDPH WLPH EXW IURP VOLJKWO\ GLIIHULQJ YLHZSRLQWV
6WHUHRYLVLRQ,QWKLVSURMHFWWKHVWHUHRYLVLRQDSSURDFKLVFKRVHQWRFRPSXWH'SRLQWV7KHVHFRQGVWHS
LVWRGHWHUPLQHDPHVKIURPWKH'SRLQWVSUHYLRXVO\FRPSXWHG7KHEHWWHUWKHTXDOLW\RIWKLVPHVKWKH
PRUHHIILFLHQWWKHSVHXGRUDQJHFRUUHFWLRQVWDJH7KLVZLOOEHVWXGLHGLQWKLVSURMHFW
6DWHOOLWHEDVHGORFDOLVDWLRQDOJRULWKPV
6DWHOOLWHEDVHG ORFDOLVDWLRQ UHOLHV RQ WKH XVH RI  VDWHOOLWH VLJQDOV VLPXOWDQHRXVO\ UHFHLYHG 7KH
UHFHSWLRQ RI WKHVH VLJQDOV LV GHJUDGHG E\ WKH SURSDJDWLRQ FRQGLWLRQV LQ WKH HQYLURQPHQW FORVH WR WKH
UHFHLYHUDQWHQQD:HDUHFRQFHUQHGE\WKHIROORZLQJDSSURDFKHV
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)DLOXUHGHWHFWLRQEHIRUHWKHFDOFXODWLRQRIWKHSRVLWLRQLQRUGHUWRH[FOXGHWKHFRUUHVSRQGLQJGDWD7KH
UHIOHFWHGVLJQDOVZLOOEHLGHQWLILHGWKDQNVWRWKHHQYLURQPHQWGHVFULSWLRQSURYLGHGE\WKHYLVLRQV\VWHP
7KLVWHFKQLTXHZLOOEHFORVHWR5$,0DOJRULWKPVRUWRWKHZRUNRI0HJXUR
,Q D VHFRQG VWHS PRUH DPELWLRXV ZH DLP DW FRUUHFWLQJ WKH HUURU FDXVHG E\ WKHVH UHIOHFWLRQV ,W
VXSSRVHV WKDW WKH 'PRGHOZLOO EH DFFXUDWH HQRXJK VR WKDW WKH GHWHUPLQLVWLF HVWLPDWLRQ RI WKH VLJQDO
GHOD\FDQEHSHUWLQHQW
)LUVWUHVXOWVZLWKH[SHULPHQWDOGDWD
7KHSURMHFWVWDUWHGLQ2FWREHU7KH'PRGHODQGWKHHUURUFRUUHFWLRQVDUHORQJWHUPZRUNDQG
UHVXOWVDUHKRSHGDWWKHHQGRIWKHSURMHFW,QWKLVSDSHUZHSUHVHQWREMHFWLYHVDQGUHVXOWVRIWKHSURMHFWDW
7\HDU
7KH ODVW VHFWLRQRI WKLVSDSHUZLOOGHVFULEH VRPHRI WKH UHVXOWVREWDLQHGZLWKQHZ LPDJHSURFHVVLQJ
DOJRULWKPVDQGDQLOOXVWUDWLRQRIWKHLUXVHZLWKDQH[FOXVLRQSROLF\
,PDJHSURFHVVLQJ
,QWKLVVHFWLRQDQHZLPDJHSURFHVVLQJVWUDWHJ\WRGHWHFWYLVLEOHVN\LQWKHLPDJHLVSUHVHQWHG$IWHU
VDWHOOLWHUHSRVLWLRQLQJLWLVSRVVLEOHWRHVWLPDWHWKHQXPEHURIVDWHOOLWHVORFDWHGLQDVN\UHJLRQVDWHOOLWH
ZLWKDGLUHFWVLJQDODQGLQDQRQVN\UHJLRQVDWHOOLWHZLWKDEORFNHGUHIOHFWHGVLJQDO)RUWKDWZHXVHD
ODERUDWRU\ YHKLFOH ZKLFK LV HTXLSSHG ZLWK D *3657. 5HDO 7LPH .LQHPDWLF DQG D ILVKH\H FDPHUD
FKDUDFWHUL]HGE\DZLGHILHOGRIYLHZORFDWHGRQWKHURRIDQGRULHQWHGXSZDUGVWRFDSWXUHLPDJHV
RIWKHVN\
0DQ\ VHJPHQWDWLRQ PHWKRGV H[LVW LQ WKH OLWHUDWXUH EXW PRVW RI WKHP GR QRW SHUPLW WR REWDLQ
VDWLVIDFWRU\UHVXOWVZLWKDUHDOWLPHFRQVWUDLQW,QSUHYLRXVZRUNV0HXULHDQG&RKHQDFRORUDQG
WH[WXUH EDVHG VHJPHQWDWLRQ WHFKQLTXH SURYLGLQJ JRRG UHVXOWV KDV EHHQ SURSRVHG %\ FRPELQLQJ WKLV
WHFKQLTXHDQGDNPHDQVEDVHGFODVVLILFDWLRQVWHSZHREWDLQDFODVVLILFDWLRQUDWHRI1HYHUWKHOHVV
WKH SURFHVVLQJ WLPH LV YHU\ KLJK FRQVLGHULQJ RXU WDUJHWHG UHDO WLPH DSSOLFDWLRQ ,Q WKLV FRQWH[W D QHZ
VWUDWHJ\LVSUHVHQWHGLQWKLVSDSHU:HSURSRVHDWKUHHVWHSVVWUDWHJ\DVSUHVHQWHGLQWKHILJXUH


)LJ6\QRSVLVRIWKHRYHUDOOSURFHVV

7KHILUVWVWHSFRQVLVWVLQVLPSOLI\LQJWKHDFTXLUHGLPDJHXVLQJDJHRGHVLFUHFRQVWUXFWLRQE\GLODWDWLRQ
*5'ZLWKDQRSWLPXPSDUDPHWHURIFRQWUDVW+ ,QILJXUH,DQG+DUHUHVSHFWLYHO\WKHDFTXLUHG
LPDJHDQGWKHFRQWUDVWSDUDPHWHUZKLFKLQGLFDWHVWKHOHYHORISHDNVWRGHOHWH/HW,0EHWKHPDVNRIWKH
XVHGOHQV,QWKHJHRGHVLFUHFRQVWUXFWLRQWKHFRORULPDJH,0LVREWDLQHGE\VXEWUDFWLQJWKHSDUDPHWHU+WR
WKHFRORUFRPSRQHQWVRIWKHLQLWLDOLPDJH,LH,&L±+,GZKHUH,&LUHSUHVHQWVDFRORUFRPSRQHQWDQG,G
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LVWKHLGHQWLW\PDWUL[7KHUHVXOWRIWKHJHRGHVLFUHFRQVWUXFWLRQE\GLODWDWLRQLVGHQRWHG,*5'7KHFKRLFH
RI WKHJHRGHVLFRSHUDWRU LVH[SODLQHGE\ LWVHIIHFWRQ WKHVN\JUD\VFDOHGLVWULEXWLRQ ,QGHHGDVRQHFDQ
QRWLFHWKHLPDJHDFTXLVLWLRQLVGRQHLQGLIIHUHQWFRQGLWLRQVLOOXPLQDWLRQYDULDWLRQODFNRIVWDELOLW\RIWKH
FDPHUDGXHWRWKHPRYHPHQWRIWKHYHKLFOHHWF)RUWKLVUHDVRQLWLVXVHIXOWRKRPRJHQL]HWKHVN\UHJLRQ
E\DJHRGHVLFUHFRQVWUXFWLRQE\DGLODWDWLRQVWHS
7KHVHFRQGVWHSFRQFHUQVWKHFODVVLILFDWLRQRIWKHSL[HOVLQWRWZRFODVVHVVN\DQGQRQVN\ZLWKWKH
)LVKHUDOJRULWKP,QSUHYLRXVZRUNV$WWLD WKHDXWKRUVKDYHFRPSDUHGWKHSHUIRUPDQFHRIGLIIHUHQW
FOXVWHULQJDOJRULWKPV7KH)LVKHUDOJRULWKPKDVJLYHQWKHEHVWUHVXOWVZLWKWKHORZHUFRPSXWDWLRQDOWLPH
VLPDJH)LJXUH LOOXVWUDWHV WKH FODVVLILFDWLRQ UHVXOWV DFFRUGLQJ WR WKH FRPSRQHQWV RI WKHXVHG FRORU
VSDFH2QH FDQQRWLFH WKDW WKHEOXH FRPSRQHQW JLYHV WKH EHVW UHVXOWVZLWK D JRRG FODVVLILFDWLRQ UDWH RI

7KH WKLUG VWHS FRQFHUQV WKH FRXQWLQJ RI VDWHOOLWHV ZLWK GLUHFWEORFNHGUHIOHFWHG VLJQDOV )RU WKDW
VDWHOOLWHVDUHSURMHFWHGLQWKHDFTXLUHGDQGVHJPHQWHGLPDJHV7KHQLWLVHDVLHUWRLGHQWLI\WKHQXPEHURI
VDWHOOLWHVORFDWHGLQDVN\UHJLRQRIWKHFODVVLILHGLPDJHUHVSLQDQRQVN\UHJLRQLQRUGHUWRFRXQWWKH
QXPEHURIVDWHOOLWHVZLWKGLUHFWVLJQDOUHVSZLWKEORFNHGUHIOHFWHGVLJQDOV)LJXUHLOOXVWUDWHVWKHUHVXOWV
RIWKHSURSRVHGVWUDWHJ\IRUWZRLPDJHVDPRQJLPDJHVRIWKHGDWDEDVH,QWKLVILJXUHWKHVDWHOOLWHV
ZLWKDGLUHFWVLJQDOUHVSEORFNHGRUUHIOHFWHGDUHFRORUL]HGLQJUHHQUHVSLQUHGRUEOXH


)LJ(YDOXDWLRQRIWKHVN\QRQVN\FODVVLILFDWLRQZLWKWKH)LVKHUDOJRULWKP

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
)LJ5HVXOWVRIWKHLPDJHSURFHVVLQJOHIWWRULJKWDFTXLUHGLPDJHZLWKWKHSURMHFWLRQRIWKHVDWHOOLWHVDQGWKHFDOFXODWHGKRUL]RQ
OLQHWKHFODVVLILHGLPDJHLQWRWZRFODVVHVVN\DQGQRQVN\ZLWKVDWHOOLWHVSURMHFWLRQ
/RFDOLVDWLRQ
7KHILUVWXVHRIWKHVDWHOOLWHVWDWHGHWHUPLQDWLRQ LV WKHDELOLW\WRH[FOXGHWKH1/26VDWHOOLWHV,QGHHG
GXHWRWKHGHOD\FDXVHGE\WKHUHIOHFWHGVLJQDOVWKH1/26VLJQDOVLQGXFHLQDFFXUDF\LQWKHSRVLWLRQLQJ
$QDOJRULWKPH[FOXGLQJ1/26VDWHOOLWHVKDVEHHQLPSOHPHQWHGLQWKH&LW\9,3SURMHFWDQGKDVVKRZQ
DQLQWHUHVWLQJHQKDQFHPHQWRIDFFXUDF\E\WDNLQJLQWRDFFRXQWWKH*166GDWDLQDPXOWLVHQVRU\V\VWHP
FRPSRVHGRIGHDGUHFNRQLQJVHQVRUVYLVLRQEDVHGSRVLWLRQDQGD'PDS7KHHVWLPDWRUZRUNVXQGHUD
WLJKWO\FRXSOHGVFKHPH3H\UHW
7KHUHVXOWVSUHVHQWHGKHUHDIWHUXVHUHDO*36GDWDUHFRUGHGLQWKHFLW\RI%HOIRUW)UDQFHZLWKDQX%OR[
UHFHLYHULPSOHPHQWHGLQD6DIHGULYHUHFHLYHUZLWKRXWDQ\DGGLWLRQDOVHQVRU:HXVHWKHUDZSVHXGRUDQJH
PHDVXUHPHQWV LQDFODVVLFDO([WHQGHG.DOPDQ)LOWHU (.) LQRUGHU WRFRPSDUH'SRVLWLRQLQJ UHVXOWV
ZKHQZHXVHDOOWKHUHFHLYHGVDWHOOLWHVRUZKHQZHRQO\XVHWKH/26VLJQDOV)LJXUHGUDZVWKHJOREDO
WUDMHFWRU\ RI WKH YHKLFOH 7KH UHG OLQH LV XVHG DV D UHIHUHQFH WKH JURXQG WUXWK LW LV WKH UHVXOW RI
PHDVXUHPHQWVSHUIRUPHGZLWKD57.UHFHLYHUDQGDSRVWSURFHVVLQJVWHS7KHEOXHFLUFOHVDQGWKHJUHHQ
VWDLUVDUHUHVSHFWLYHO\REWDLQHGZLWKDOOWKHUHFHLYHGVDWHOOLWHVDQGZLWKRQO\WKH/26VDWHOOLWHV)LJXUH
VKRZVWKUHH]RRPVRILQWHUHVWLQJDUHDVZKHUHPXOWLSDWKDUHFOHDUO\YLVLEOHRQWKHEOXHSDWK7KH1/26
VDWHOOLWHVH[FOXVLRQGRHVQRWVROYHDOOWKHHUURUVEXWHQKDQFHVFOHDUO\WKHUHVXOWV7KHILUVWH[DPSOHVKRZV
D VWRS RI WKH YHKLFOH WKH VHFRQG RQH LOOXVWUDWHV D URXQGDERXW 7KH WKLUG RQH LV REWDLQHG LQ DQ XUEDQ
FDQ\RQ
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
)LJ9LHZRIWKHYHKLFOH¶VWUDMHFWRU\LQ%HOIRUW7KHSRVLWLRQLVFDOFXODWHGZLWKDFODVVLFDO(.)XVLQJDOOWKHDYDLODEOHVDWHOOLWHV
EOXHFLUFOHVRURQO\WKH/26RQHVJUHHQVWDLUV7KHUHVXOWVDUHFRPSDUHGWRWKHJURXQGWUXWKPHDVXUHGZLWKD57.UHFHLYHUUHG
SRLQWV
 


)LJ(IIHFWVRIWKH1/26VLJQDOVH[FOXVLRQLQSUHVHQFHRIVWURQJPXOWLSDWK

7KH UHVXOWV SUHVHQWHGKHUH DUH D ILUVW VWHSRI WKHXVHRI WKH LPDJHV$TXDQWLWDWLYH DQDO\VLV RI WKHVH
UHVXOWVLVQRWSRVVLEOHZLWKWKLVGDWDVHWEHFDXVHRIWKHQRQV\QFKURQL]DWLRQRIWKHPHDVXUHPHQWV
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7KHILJXUHVSUHVHQWHGKDYHVKRZQWKHHIILFLHQF\RIWKHH[FOXVLRQPHWKRGZKHQDVXIILFLHQWQXPEHURI
VDWHOOLWHV FDQ EH UHFHLYHG +RZHYHU LQ PRUH FRQVWULFWHG HQYLURQPHQWV WKLV ZLOO FUHDWH XQDYDLODELOLW\
7KXVIRUWKHUHPDLQGHURIWKHSURMHFWZHZLOOPRGHORUHYDOXDWHGHWHUPLQLVWLFDOO\WKHSVHXGRUDQJHHUURUV
FUHDWHGE\WKHREVWDFOHVLQRUGHUWRHIIHFWLYHO\XVHWKHVH1/26UHFHLYHGVLJQDOV
&RQFOXVLRQV
,QWKLVSDSHUZHKDYHSUHVHQWHGWKH&$3/2&SURMHFWREMHFWLYHVDQGSULQFLSOHV7KHSURMHFWEHJLQVLWV
VHFRQG \HDU DQG LV SODQHG IRU WKUHH\HDUV7KHJRDO RI VXFK DSURMHFW LV WR VKRZ WKH IHDVLELOLW\RI DQ
LQWHOOLJHQWXVHRIWKHVDWHOOLWHVLQDFRQVWULFWHGHQYLURQPHQWLQRUGHUWRSURYLGHDVROXWLRQDEOHWRDQVZHU
WKHDFFXUDF\UHTXLUHPHQWVRIODQGWUDQVSRUWDWLRQV\VWHPVURDGUDLOZD\RUWUDPZD\
7KHILUVWUHVXOWVREWDLQHGRQLPDJHSURFHVVLQJWHFKQLTXHVKDYHEHHQSUHVHQWHG7KHSURSRVHGPHWKRG
LVEDVHGRQJHRGHVLF UHFRQVWUXFWLRQE\GLODWDWLRQ ZLWKDQRSWLPDOFRQWUDVWSDUDPHWHUFRXSOHGZLWKDQ
DGDSWHGFOXVWHULQJDOJRULWKP7KLVPHWKRGUHVSHFWVWKHUHDOWLPHFRQVWUDLQWDQGSURYLGHVVDWLVI\LQJUHVXOWV
RIJRRGGHWHFWLRQ
:H KDYH VKRZQ KRZ WKH NQRZOHGJH RI WKH VDWHOOLWH VWDWHV RI UHFHSWLRQ JLYHQ E\ WKH LPDJHV FDQ
HQKDQFHORFDOLVDWLRQDFFXUDF\E\H[FOXGLQJWKHGLVWXUELQJVDWHOOLWHV
,QLPDJHSURFHVVLQJIXWXUHZRUNVFRQFHUQWKHFODVVLILFDWLRQRILQWHUHVWREMHFWVLQWRWKUHHFODVVHVVN\
YHJHWDWLRQDQGEXLOGLQJ,WZLOOSHUPLWWRTXDQWLI\WKHLQIOXHQFHRIWKHHQYLURQPHQWYHJHWDWLRQEXLOGLQJ
HWFRQVLJQDOVSURSDJDWLRQ
$FNQRZOHGJHPHQWV
7KLVZRUNKDVEHHQVXSSRUWHGE\WKH35(',7SURJUDPRIUHVHDUFKH[SHULPHQWDWLRQDQGLQQRYDWLRQ
LQODQGWUDQVSRUWDQGLVIXQGHGE\WKH)UHQFKPLQLVWU\0(''7/
5HIHUHQFHV
$WWLD$0HXULH&5XLFKHN<0DUDLV-&RXQWLQJRIVDWHOOLWHVZLWKGLUHFW*166VLJQDOVXVLQJ)LVKH\HFDPHUD$
FRPSDULVRQRIFOXVWHULQJDOJRULWKPV,(((,QWHUQDWLRQDO&RQIHUHQFHRQ,QWHOOLJHQW7UDQVSRUWDWLRQ6\VWHPV,76&
:DVKLQJWRQ86$2FWREHU

&RKHQ$0HXULH&5XLFKHN<0DUDLV-&KDUDFWHUL]DWLRQRIWKHUHFHSWLRQHQYLURQPHQWRIJQVVVLJQDOVXVLQJDWH[WXUH
DQGFRORUEDVHGDGDSWLYHVHJPHQWDWLRQWHFKQLTXH,(((,QWHOOLJHQW9HKLFOHV6\PSRVLXP,9SS±6DQ'LHJR
&DOLIRUQLD-XQH

*RGHIUR\%6D\HUVH3$PpOLRUDWLRQGXSRVLWLRQQHPHQWSDUVDWHOOLWHVGDQVXQHQYLURQQHPHQWIRUWHPHQWXUEDQLVpJUkFHj
ODSUpGLFWLRQGHODSURSDJDWLRQGHVVLJQDX[*1665HYXH1DYLJDWLRQ9ROQMDQSS

.RYiĜ39HMUDåND)6HLGO/3XULþHU3$VVHVVPHQWRIWKH(*1266LJQDO$YDLODELOLW\IRU/DQG0RELOH8VHUWK
6DLQW3HWHUVEXUJ,QWHUQDWLRQDO&RQIHUHQFHRQ,QWHJUDWHG1DYLJDWLRQ6\VWHPV6DLQW3HWHUVEXUJK0D\SS

/HQWPDLHU0.UDFK%5REHUWVRQ3%D\HVLDQ7LPH'HOD\(VWLPDWLRQRI*1666LJQDOVLQ'\QDPLF0XOWLSDWK
(QYLURQPHQWV+LQGDZL3XEOLVKLQJ&RUSRUDWLRQ,QWHUQDWLRQDO-RXUQDORI1DYLJDWLRQDQG2EVHUYDWLRQ9RO$UWLFOH,'
SDJHV

0DUDLV-$PEHOORXLV6)ODQFTXDUW$%HUELQHDX0'LVSRVLWLIGHORFDOLVDWLRQ)UHQFKSDWHQW:2
,QWHUQDWLRQDOSDWHQWDYULO

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0DUDLV-%HUELQHDX0+HGGHEDXW0/DQG0RELOH*166$YDLODELOLW\DQG0XOWLSDWK(YDOXDWLRQ7RRO,(((7UDQV2Q
9HKLFXODU7HFKQRORJ\6HSW9RO,VVXHSS

0HJXUR-,0XUDWD77DNLJXFKL-,$PDQR<+DVKL]XPH7*36PXOWLSDWKPLWLJDWLRQIRUXUEDQDUHDXVLQJ
RPQLGLUHFWLRQDOLQIUDUHGFDPHUD,(((7UDQV2Q,QWHOOLJHQW7UDQVSRUWDWLRQ6\VWHPVYROQRSS±0DU

0HXULH&5XLFKHN<&RKHQ$0DUDLV-$QK\EULGDQDGDSWLYHVHJPHQWDWLRQPHWKRGXVLQJFRORUDQGWH[WXUDO
LQIRUPDWLRQ,6	763,((OHFWURQLF,PDJLQJ,PDJH3URFHVVLQJ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